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-0, 16-1,-, 1 6-M-lO^StiMf-fv' 
^^^E-y 2 2 a fc|EltLT*S#, 7*-f S?*/MSf!li2 
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[#frHjfc©&H] 

Iff #Jf 1 1 ft i F«#***©*«©«-s-^^fdi- 

T * o y* 7 -f /K? © ffiTJ £ T * o y*/*V 

<£ I F©l£*0<f-5§-«r(8:I F«fc{Mfrf-5fE*n«#0ti£# 
Si, 

tt§E*q«*HJW&*»fc J: 9 ISfcJff ixfc it© 

i, 

R-> * y ©rt£«rttttj LTiifjfEA/D^&SgfcU7j£«f§ 

F^sitm, 

»§ri£ I F KX*f 5fc«>©»ews!BS$:/B^3 r. i £ 

m&kir -am** i iE«©te i F^asm 
e*©(si F^smm, 

!£«©{£ I F 

4 v ^Ttb^^lE«©(g I F 

MfnPN (N(i2«±©ft) T-fooT. 
hat d =hatR d 

ddT*. hatd : 4Hff«©m^«*fi«S:rit5>i:-t-5 
(N, 1) tT?lJ 

d *:J*#i:-*-5 (N, 1) ^t^U 

tftS (N,N) ff?']h a tR(CMi-5ietT?IJT-fo^hatR 

(WEA/DSHftSfflafchatR-lS:**-*-*^ 
3 y u—r&ffiz.zz k&ft&b -T -5^**1 IE«©ft 

i F^gfm 
[sg9§©f#NnfctftK] 

[0 0 0 1 ] 

KB8U 4*fcDC;j-7-fc y h&t/W ^-^ra«E»«-i|-Sr 
[0 0 0 2] 

[fiE*©i£$ff] iS^M^y h!7-y©:/n- hv<>- K<fc;K: 

c, yv u-^ >^©smai©^f=t^tT 

[0 0 0 3] mi Oil, ^©yV uy h = y^ 3 
v«fS«03«fifcS:S%-rB-cfc5. yV uy" haw*—;? 



a v^tt^MJBjftft (I F) g^SrfiiJI&U 7>ft 
5 1^ LTSfS Ufcfll*f4t(l*#7 ^^5 2 -(MS* 
t8<®$tvT, 5**5 3fcJ:0«ffl»Sfi*5 4a»fe©JB 

tv5, «lftSixfcffi*f4**IS7-fA'^ 5 5£iI9, A 
/Dmm&5 GKAJj&thZ. A/D^m^5 6©til^ 

9. S««l©*«cttiS:«bIili«tc:i^y^bSrprtllci- 
5c LA>U yV 1st r- = V/<-v ? s V^JCioV-C 
(±. n-#A-flS8as«*L<*5fc«>. D 

C^-7-fey HO|B|jB*5Jg*r$*tT v*5„ DC*7tyF 
i Ho— ^/Ma*©— SB* 5 5 **©A73ffi!l;&>bif*uTff 

?ZlxZ> r. i J; oT t>& C 5, 

[0 0 0 4] DC^-7-fey h©F^S5r«fn-r5fcfe{g;I 
F^jt^Ji^iXTt^ (J. Crolsand M. S. J. Steya 
ert, "Low-IF Topologies for High-Performance Analo 
g Front Ends of Fully Intef rated Receivers, * IEEE 
Trans, on Circuits and Systems, vol. 45, no. 3, pp. 2 
69-282, March 1998.) 0 

[0 0 0 5] HI 1 1 f±, &*©<& I F#5SSfS8S©«ijdc 

Y*7>7 4A>9 (BPF) 6 2. L N A 6 3 $rifi 
oT, 5**6 4d<fc 9mB3§tI3§6 5*»?>©«S6^S 

m-§"»± IF7^^66, *tts!&6 7Srii9, A/D^ 
^H6 8lCA*$tb5. A/D^m^6 8 0ffl*liffll 
S6 9-Cf^y^^fM (DSP) $av tglH^tu 
?>c ftl F*^{±DC#j£tCffirMfS#*s#&L/£^fc 

C^-7-fey h^.U='<^-v J jl&fc<t-§-^^©**A/ / D 
[0 0 0 6] A/D^SIS&©e§C#«|Sl(48^-e*<Jl. 5 

t* y Miffo d . 2 {giciTfe 5 r t \cm&m 

1 Ify h«'>i-5«lfilS:%gW-5fc, ls-§-*a®5$S©^ 

[0 0 0 7] A/DKiMI©3B«ia«Sr5fe#-t-5**i 

^S^^tlTI/''5 (R. Khoini-Poorfard, L. B. Lim. a 
nd D. A. Johns, "Time-Interleaved Oversampling A/D 

Converters: Theory and Practice," IEEE Trans, on 
Circuits and Systems-II: Analog and Digital Signal 

Processing, vol.44, no. 8, pp. 634-645, August 199 
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7.) „ mt&*#mi,&m\zA/Dmm$;ft ozt\zx 

[0 0 0 8] 

yf- y 4 (SCF) ^T'*figi-2) r t 

[0009] #i§ejte, _kSEF n m&tc^, 

^F*J*^S:ffi«i-*<S I F#5*3Ht*&*#1-5 r t Sr 
[OOIO] 

«», {£1 F«*&**©*«©«*fc#«i-5»«# 

m *i & r -r n w v 7 # Adt»+ 5 a / d t , 

<&I FOltftfll-g-Srffil F«fc«ilW-«W3l«*(llEl&* 
Bt^^yortSSrRfflUTltrEA/DaElMi 

[001 1 ] sfc, H«feK*p{t-§-tt^#Sf4s sfiiif 

[0 0 12] Sfc. flffSE^^JT^n^-f/v^fi, 

[0013] mrnttmftmT-i-nyyj**^ 
[0014] wmmntiftmT-ra ?y j 

[0015] ms.mmttmri-uyyj/vj'ott 

hatd =hatR d 

::t, hatd : «-#«©m^fing-««*^i:-t-s 

(N, 1) ftPL d :«-#*©7^J«»WB*rit»ti- 
5 (N, 1) ftm. bttZ (N.N) ff5dhatR(C«~f-5 
jS»tT?IJ-C*>5hatR-l$rMf2^^y fcBItU £ fe>fc, 
lWHEA/D^Jftgm^t-hatR-lSrJftjlEi-S^ay U~ 



■f s ji ft »{g # n -0 m s id g 1 # is r -r t«* £ i- s r 

[0 0 16] 

[0017] a 1 r± % *mw(D%i 1 mm<onm\^ ± 
1 F*a:sfi«©«*Sr*-*ia-e*>5. *lgiHi£<£>» 

ffi<D{£l F2f:£g{i«f±, 7Vftll, BPF12, 
LNA «ggHM*M«i) 13. $*tl4, ^S53§g^ 
1 5, ^Wxl^y -i'^t 16-0. 16-1, -, 1 6 

— M— 1 , tgfggi 17-0, 17-1, 1 7 -M- 
1 , y*S* — 9 18-0, 18-1, -, 1 8-M- 

1 , A/DS£&3f 19-0, 19-1, 1 9 -M- 
1, 777"ty7"720-0, 2 0-1, 20-M 

- 1 , -%#$&l$Ly -f/^2 1-0, 21-1, 2 1 
— M— 1 , RTf? *!)22a £r*-t-3«^S§ 2 2^ 

[0 0 18] Ty^-f- 1 1 £^LT§ff SftfcfS-^ttB 
PF 1 2£il<9 1 4tCfc9i6l F«*fc*lft*ix 

5o M$Jxfc«*»±H 0 3&^HM-i*-eo«*«*«f« 
##j:7 ^/V^ 16-0. 16-1. 1 6 -M- 1 Hi 

AtlZtlZo ff«»ll7>f;W^16-0, 16-1, 
1 B-M-lttftaffifSrDCmyhRW^ 

^18 — 0, 18-1. — , 18 — M— 1 fc£ V) 1/N 
\zy^^^/u^ti^ 0 rJx*wJ:9A/DSlEKl«l 9 
-0. 19-1.—. 1 9 -M- 1 OSJEtjUt&S: 1/N 

A/D»19-0, 19-1.—. 1 9 -M- 1 (D 
»M?:flt5ri^x^^ A/D*«S19- 
0. 19-1.—. 1 9-M-l i-ctoT^^^HfcfS 
-^c^^/Wi, 7 7^7^7 2 0- 0, 2 0-1, 

••, 2 0-M-li:J:oTN6(7)fy7 p /H:»Jti, 

SS«i«^7^^21-0, 2 1-1, 2 

[0 0 19] 7^^^y^iI(j:DFT (Digital Four 
ier Transform) :7 /I' ^ ^ 7 ^ , CQF (Conjugate Q 
uadrature Filter) 7 4 A"?/<l/#^& < (D^Mi)^ £ 
tltl^o *NM-M= 2 (^^IdfiQMF (Quadrature Mir 
ror Filter) ^y^»^Xt^ 0 A^ft* x ( n ) t 
m^«-§-hatx (n)cDz^m$rX(z), hatX(z) b-fZ 

[0 0 2 0] 

Well 

x^^rhatxt. x^^rbarxt. x^^rtldxt 
[0021] 

[ic2] 



(4) 
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X(z) = l/2{H 0 (z)F 0 (z) + R l (z)F 1 {z)}X(z) 

+l/2{H 0 (-z)F Q (z) + fli(-x)Fi(«)}X(-») 

(2.1) 



Hi(z) = H 0 (-z), (2.2) 
F 0 (z) = H 0 (z). (2.3) 
Fi(z) = -H!(z) (2.4) 

H 0 (~ z) F 0 (z)+Hi(- z) Fi(z) 

[0 0 2 2] H12fi, 3g^#.gc<75QMF7-f 

ho(n) = exp( j n <t> n) h r (n), (2. 7) 

h^n) = exp( j n (<f> ± 1 ) k) h r (n). (2.8) 

[002 3] H3tt, w/4JB«E*^7 hUfcB*©QM 
F y j;^ ?<Dm&%ifc& : £^1rmX'ih>Z < > Z<D£ 

b^mfc^s? y-rz>zhx\ dc^rw *—*sm 

[0 0 2 4] ;oJ: 5 7^ /v-*tt;* 

[ 0 0 2 5 ] H 4 tt, 2 ftm<OW&<D* : $£WCOm 1 HS£ 

fc>-«b, ;rt*liM= 2 , N=2 i-TSo 7Vft31« 
BPF32, L N A 3 3> ^t34-0, 3 4-1, 

mn&um 3 5 , mm&M7<( ^37-0, 37- 

1 , i#(S3§ 38-0, 38-1. T 2 '^?—? 3 9-0, 
39-1. A/D^^§g40-0, 40-1, 7y^t 
yfy 4 1-0. 41-1, «?«-&J«7 ^/^42- 
0 , 4 2-1, &Ut%lll4 7 ti-ttt-e^H 1 tc^$;h. 
57>rtlK BPF12, LNA13, 5 =*r1M 
4 , 1 5 , ffrlfi#W7 16 

-1, • •, 1 6-M-l, if*g3gl 7-0, 17-1, 



H 0 (z)F 0 (z)+Hi(z)Fi(z) = 0 (2.5) 
SrWfcU 2— 

2 z "L (2. 6) 

— , 17-M-l, 7-^-^18-0, 18-1, 
-, 18-M-l, A/D«19-0, 19-1, 
-, 19-M-l, 77^7^72 0-0, 20- 
1, -, 2 0-M-l, S^7-f^21-0, 2 
1-1,-, 2 1 -M- 1 , Jktf'&m%;2 2lCfBS-r 

5. ::m #a«*#«Hi«t9K*«^4 4-eiR 

^Srit^U DC^7ty hiliHFl^HoW s l z *D4 3 k 
i^7-f^#»5:ItU-C, JPJHM 6 

[0 0 2 6] Si"tt, ««#lfc<©S!M£#t£i-So «t£ 
»4 5;^-^3 4-0, 3 4- l©A;ftfflSr3£#L£r7>LTlg 
itflU 7^77 3 1 /> A;>J U^V^^T?tf5o 

r<0i#^gB«fiH3 5*^C0o— */Wf-§-Sr$^3 
4-0, 3 4-1 l: 1 5 t D C 1 7 1 y b 

[0 0 2 7] St£5rfi]7 W ;^3 7-0, 3 7 - 1 (CT 
iJ-V^/W^^fcfE^nOl*^— ^/<V Kfg^-Srbar r 
(n)k-fZ>k 

[0 0 2 8] 

[gc3] 

£,—1 

= adc{£ &»,(*)*'(« - h)}. (3.9) 

Jb=0 

^X^^^T^feSo *fcadc {} (iA/DfftSr/Tto h 
aty m (n)3:n = n, n + L — 1 ^"C5R#>£> 0 

[0 0 2 9] 

[f4] 
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adc{RA m } = Y„ 



(3.10) 



vZ. CL "C* 



R = 



F(n) 
f(n + 1) 



r(n-l) 
r(n) 



f(n-£+l) 
r(n - L + 2) 



H m = 



Y m = 



f (n + L — 1) f (n + L - 2) 



Vfn{n) 
Vm(n + 1) 



r(n) 



(3.11) 
(3.12) 



y m (n + L- 1), 



J;9 7^^<?©#|gchatHm&Ji5gL, 22alCE 

[003 0] ^H$r^A/fc^^#j7 >V9 <DW^.t:x\ 
dhn(n)if.5, tldho(n)l±DC^-7-fe M^iiii 
U tldh 1 (n)l±^MfS^iii§-f-5i : -t-5 o ^#g.J 

Z--1 



(3.13) 
(3.14) 

(3.15) 

^•^Tbarr (n) 
[0 0 3 1] 
[«C5] 



J/o(n) = £M*0*r(n-*) 



fc=0 



L-l 



= X^^SW+^SWMn-A:). (3.16) 



hof±7-f/l'^ hoCO^S^r^-t-o tldyo(n)(4 
^ ? VU- V r/P $ tl A/ D * tbfc © T y V :/ 

yDo(n) = aAc{y 0 (Mn)} 



[0 0 3 2] 

[fee] 



Vuoin) = Jw>o(n/M) n=0, M, 2M, 
10 ^©fife, 



(3.17) 
(3.18) 



:rt*f«fff r (n)^f4DCt7tj/ h^^tfi: [0 0 3 3] 

<K£-f-5 t yuo^Itt 1*71 

vuoin) = fc*<„)2|5j*220 (3.19) 



(3. 19) i9DCt7*?hS:«St5. 



[0 0 3 4] 



(6) 
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[&8] 

«o(n) = H/o(*ri?i/o(»-A). (3.20) 

fc=0 

m = 1 

= I>I (*) + «*T(*))r(n " *)■ (3.21) 



yz)i(n) = adc{gi (Mn)} , (3.22) 
fc,(„) = /*»(»/*> •(3.23, 

DCt7-feyhia 8flW»ftKTO J: 5 (w|»*-r [0 0 3 5] 

5o 1*10] 
foi(n) 

L-x 

= »ai(n) - 5^(^(fc) - K{k)) * x 0 (n — fc — (Ir — 1)). 

fc=0 

(3.24) 



*a«#tt£lT©«fc5k:UTSi?)a-t-. [Ill] 
[0 0 3 6] 

£-1 

= £ MWyuiin - k) (3.25) 

fc=0 



0 5 ft, 7^/V^©@SS->'7HtBER (t'y hi 
g*) ©BB^&jjM-ig-CfcS. TADCj USiUft* 

(efts. rttfltfcU ii**ff»7tn^f^yK7 

-6x/l 6 [rad/f- >-7°/W] fcfc Ot'BER ^^/> 
LXV^S. -6^/16 [rad/^VT"'^] EJLklCv^ 

BERii^<^5o -3x/16 [rad/ihVT'/V] J£i. 

[0037] 0 6 li, BERi Eb/NoCDgS#&7iW-0 
XfcS, Eb/Notfi, rf-y hi^/V^- (^73) M 
«#«*J*£ J X'ifc t) , 1«« t* y h fe fc 9 
^TJlt (S/NSfcl±SNR : Signal to Noise powe 



r Ratio) Xfc5 c r D C^-7ir y Nft Uj HDCt7 
-fe -y h CO X'fc 9, QPS KWSffeffl^^-f-. 

5«S£*flt8s«:Jll^S iBE R#*:*glc3«1-S r. £ * s 
:b^5„ fcfc'L TADCj UlJt-^X B E R = 1 0 ~ 2 l,ZtS 
V>X#3 1 d BI5if#tt*S^tt-5. mtt^>y— fa 

^ /v * ^ CO ttJ 73 Id )g A -T 5 fc 46 X* fo 5 „ 
[0 0 3 8] 07ii, BERtA/DlEJISg©^!© 

1 0 fc*y h£lTOB*twf±, fc&*»ti^*flMBcir:7*'<>' 
K7-f;^iat)DCt7ty hSrWSE LfcCD^iCA/ 
D3!& Lfctf 5 B E R #{£(/ \ Ul?fglSri 5 1 

2 f-y hJ^XfiA/D^&SgX-rV v^/Wl^K^ 

Il:iotDCt7ir7 h 5r5f 9 ^l^fclS 5ii 5 BERi 5 

[0 0 3 9] 0 8fi. *5£W<o?&2mM<oi&m\zj:z>& 
I F^S««KO«fi£«r^i"Blt?*)5. *S2H1S©JB 
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m<oi&\ F*S;*flr«tt, 7yft7i, BPF7 2, ^yfyy/^^t, 7ty^7^/^/^7 8i; 

LNA73, ^t74-l, 74-1. A^£;ft5o ^*tfc J: Q A/DSElft«8 0 - 0 , 8 0- 

5, 11^7 6-0, 7 6-1 , 76-N-2, x 1> 8 0 -N - 1 1 /Ntt^S, 

W-^ 7 7-0, 7 7-1, - % 77-N-l, T*t~ V 7 << ^9^9 7 8 H^tt*&tt*0JVifi^ 

\r*s*7 4 7 8. mm$*7 9-0, 79- ^^tJur^^^KcDft^-Srffl^^o 

1, 79-N-K A/D»8 0-0, 8 0- >V<Dm^&m$g&7 9-0, 7 9- 1, 7 9-N 

1 , 8 0-N- 1 , SW^y 8 1 a ST^rTS-r^ - 1 A/D^m§§8 0-0, 8 0-1, 

y U— * 8 1 frhf&Zo 8 0 -N- 1 "C^r 4 v?^;Msft«*SnT, 7*=" 

[0 0 4 0] 7yzt7 lSr^UT$«S*tfc«^-f±B J 8 1 TA^fa^^b^S^^^r® 9 8* < 0 

PF72£ri§9LNA7 3 VR F*|<B£;h^ 7 4 fc [0 04 1] ::t\ i£{f <f ^J^ScfiSc^ d = {d 

J:9B[*<t«BB«fc4)«2o©«l FfM-fcJMfeStL 0 .di,-,d H } T ^otStt5 0 rot 

5 e £ ttfcfS #fiiliE3l 7 6-0, 7 6- 1, ^-ttJKT^J: 5{-*^ix^o 

7 6-N-2lCi?)JW»cil®$^fc«JC % fy^-^ 7 [0 0 4 2] 

7-0, 7 7- 1 , 77-N-l Id £<9 1 /Nld^ [$C 1 2] 

JV-l 

x{nAT) = rf fc exp(J2Tmk/N). (1) 

^aO-^ 7 8cDA^T'$>S 0 7tyi/^7^;^^y [0 0 4 3] 

9 7 8<D«SSlc|Sil*s*^»*fctt*(Ok#B<OtH*tt [»1 3] 

jv-i 



<** = ^"^^Ar)exp(-i27rnA:/iNr) 

1 JV-l 7V-1 



*n fc'=o 

iV-l AT-l 



rv ~ 



n=0 *'=€ 
k' ±k 



(2) 



fc*!U«W«7 9-(K 7 9-1.-. 79-N-lO y 7 a A>9 ©ff#fiK3S«:-£*-. StSf8fi*ttt 

[0 0 4 4] it (2) kllSlvCttT-J-y 7 ^/l^ <D [0 0 4 5] 

AT-1 



d fc = ^53(a!(nAT) + »7(nAr))c^exp(-j2im*/JV) 
= ^X!{(Xj^'exp(i2^nfc7JV)) + ^(nAT)} 



«=0 fc'=0 

x^fc exp(-jf27rnfc/iV) 

iV-1 N-l 



- X) ]C dfc/C »* exp(j27rn(A/ - k)/N) 

n=0 Jfc'=0 

4--^ 53 ^(nAr}^ exp(-jftrnfc/JV) (3) 



n.=0 



r rTc nk fik#gcOffir^$rttttii- ; 5 7^/l'^CDnSS [0 0 4 6] 

©«»©»«S:^ U tj »i»*Mfr«:*i-. * (3) Sr'fT [tl5] 



(8) 



^^¥15-101603 



(4) 



ft = 



/ r o,o 



N-l 



(5) 



rk,k> 



exp(i27rn(fc' - fc)/i\T) (6) 

n=0 

{tio,l*i*->Mtf-x} T (V) 

, N-l 

Jj S ^^K* exp(-j27rnfc/AT) (8) 



rt=0 



-0, 80-1.—, 8 0-N- 1 $riii§1-5E?ta±fi; 
^bH^isjPfcS. rtbtrC = (Co. Ci.-. Cn-i> t 

Y = Rd + A* + < 

TT^-y ^7^^/^^ 7 8<D#,&£rift5£L,-C, IS 

«P81a (CfBttbT*5<„ fa y U— * 8 1 
hatR<7)iS!fr?lJ£A/D^fe3§8 0-0, 8 0-1, 

-, so-N-iotttfjfcSHtlM-s. i-*fc*> 

[0 0 4 8] 
1*17] 

B. -1 Y = d + R"V + <) (10) 



[0 0 4 7] 
[»16] 



(9) 



[0 0 4 9] Ilf, fa y u— ^Srffll/^u^*SS 
fB«0«e9**H4Srtm-r5. ft (10) ±>?§ffiL;fc 

[0 0 5 0] 
[tl8| 

s k (A) = Ke[Rxi] k 



(11) 



r^T-Re {a} (21^31* a <D|?gP£r^ U [A] k fiN 
x lff?ijA<Ok#BOW^<SrS*-t-5, ifcfftSS^Wl^ 
fiaSifo^fliS (8) £9 

[00 5 1] 

[»19] 



1 jV_1 

^*Mfc'] = ^Kj7 53*?(»iAr)<v lfc exp(--j2»rn*/JV)) 
»=o 

»KnAT)crt,«xp(-j2»mfc'/JV))] 



n=0 



(12) 



[0 0 5 2] 



[»2 0] 



(9) 
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Rc = 



= a 2 Rc 



/ r co,o rco,i 
rbi, 0 rc 1(1 



(13) 



(14) 



AT-l 

rc fc ,fc/ = CnfcCnfc' exp(j'27rn(A;' - fc)/JV) (15) 

n=0 



4fc.A/D*«l«©A*«*ffl[«)l6*|-«S:AMi: L, ft 
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